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Absrmcf--This paper described the design, simulation 
and fabrication of the inset feed log periodic antenna 
with nine element. The antennas have been modeled 
using microstrip lines and S parameter data fmm 
individual single element. The data is exbacted from 
the momentum simulation and combined with the 
microstrip transmission line. The properties of 
antenna such as bandwidth, gain, cross-polar isolation 
and half power beamwidth have been investigated and 
compared between simulation and measurements.A 
bandwidth up to 51% is achieved by using nine 
element arrays. The cross-polar isolation of the log 
periodic antenna is in the range of 10 to 30 dB. The 
typical half power beamwidth (HPBW) of the log 
periodic antenna is 40" for E plane and 60" for H 
plane. The gain of the antenna relative to the dipole 
antenna ranges from -3 dB to 5 dB 
1. INTRODUCTION 
Microstrip antenna has gain popularity because of their 
small size and light weight. However a limitation of 
microstrip antenna is the narrow bandwidth of the 
basic element. The bandwidth of a basic patch element 
is usually 1-3%. The bandwidth of the antenna is 
defined [I] as the range of frequencies, over which the 
performance of the antenna with respect to some 
characteristic conforms to a specific standard. The 
bandwidth of the antenna depends on patch shape, 
resonant frequency, dielectric constant and the 
thickness of the subsbate. 
The bandwidth of the antenna can be increased by 
reducing the substrate permittivity (E,) or increasing its 
thickness (h). However there are two problems 
associated with increasing the substrate thickness. One 
of the problems is the radiation and reactance 
associated with the feed junction. The second problem 
is an increase in surface wave effects [I]. In order to 
avoid the problems, a number of different methods 
have been investigated to improve the bandwidth of 
the microsaip antenna. 
Different techniques to enhance the bandwidth of 
microstrip antenna have been investigated. Most of the 
work done for bandwidth enhancement has been 
directed towards improving the impedanoe bandwidth 
of the antenna element. The bandwidth can be 
increased using multilayer structure antenna [2], 
parasitic element [3], non contact feeding technique 
[SI, different shape slot [6] or log periodic technique 
~71. 
2. DESIGN CONSIDERATION FOR LPA 
The design principle for log periodic FIAs require 
scaling of dimensions from period to period so that 
performance is periodic with the logarithm of 
frequency. This principle can be applied to an array of 
patch antennas. The patch length (L), the width (W) 
and Inset (I) are related to the scale factor T by. 
If we multiply all dimensions of the array by 7 it scales 
into itself with element m becoming element m+l, 
element m+l becoming element m+2 etc. This self ~ 
scaling properly implies that the array will have the 
same radiating properties at all frequencies that are 
related by a factor of T. 
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A single element of rectangular or square geometly as 
shown in figure 1 can be designed for the lowest 
resonant frequency using transmission line model. 
GI = conductance of the microstrip radiator 
It can be shown that GI can be calculated as below 
GI=-!!- 
120x2 (7) 
Figure 1 Square minostrip with inset feed 
G12 = mutual conductance between two slots is given 
C by 
2@ + 2UL)Jz;;; (2) 
L, = 
where c = 3 x IO' m/s 
(9) 
~0.264 
Jo is the Bessel function of  the first kind of order zero 
The characteristic impedance of the line can be 
U..=0.412h 
(3) 
calculated from 
For microstrip antennas the choice of the width of the 
patch radiator is very important. Small values of (W) 
result in low antenna efficiencies while large (W) 
lead to higher order modes, ~h~ optimum 
of W is 
The 
through above equation. This value will be scaled into 
log periodic element. 
Calculation of d e s i p  parameters for square patch 
microstrip antenna is shown in table I .  The substrate 
used is FR4 with dielectric constant of 4.7 and height 
of I .6 mm. The scaling factor 7 = I .05. The loss 
tangent of material is 0.0 19. 
Each element will be simulated through momentum 
simulation using Agilent ADS. The S parameter of 
these elements will be combined into the circuit 
Of and inset feed (I) be found 
( 5 )  
The resonant input resistance can be calculated from 
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Table I Design parameter for eleven element LPA 
Figure 2 (a) shows the circuit modeling of nine 
elements log periodic antenna for simulation using 
circuit simulation. Figure 2 (b) is the layout of the nine 
element passive LPA. Figure 2 shows the circuit and 
layout nine element log periodic antenna 
PDll 1 
(a) Circuit modelling of nine elements LPA 
(b) Layout of nine elements LPA 
Figure 2 Circuit and layout for nine element LPA 
3. RESULT AND DISCUSSION 
3.1 Input return loss 
The measurement and simulation result of input return 
loss for the nine element passive LPA is shown in 
figure 3. The bandwidth from the measurement result 
is 51% and the bandwidth using simulation result is 
48%. The experimental results show the frequency has 
been shifted up by 7%. The resonances of the antenna 
can be seen by observing the dip in the retum loss. 
There is a close agreement between the simulation and 
measurement result for the bandwidth. The simulation 
results give a good appmximation for the measurement 
even though the frequency has been shifted slightly 
from the simulation result. 
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Figure 3 Input retum loss for nine elements LPA 
3.2 CO and cross-polar isolation 
The transmission coefficient for CO- and cross-polar 
response is shown in figure 4. The cross-polar isolation 
throughout the frequency band is between 10 and 28 
dB. The cross-polar isolation is maximum at frequency 
2.25 GHz to 2.3 GHz, which is between 25 and 28 dB 
3.3 Comparison with a dipole antenna 
The nine element passive LPA has a gain between -3 
and 5 dB. The highest gain occurs at frequency 2.1 
GH2 and 2.25 GHz. The lowest gain is -3 dB at 3 
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GHz. The measurement result of Sz, between nine 
element LPA and dipole antenna is shown in figure 5 
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Figure 5 Comparison between nine element LPA and 
dipole antenna 
3.4 Radiation pattern characteristic 
Figure 6 shows the radiation panem for the nine 
element passive LPA antenna at various frequencies. 
The radiation panern is in the broadside direction. In 
the E Plane the panem has a narrow main beam 
compared to the H Plane especially at the higher 
frequency. At lower frequency 2.14 GHz the cross- 
polar isolation for E Plane is 15 dB and for H plane is 
18 dB. The HPBW at this frequency is 75' for E Plane 
and 60' for H plane. The measurement at the middle 
frequency 2.80 GHz shows that the cross-polar 
isolation for E Plane is 20  dB and H plane is 25 dB. 
The HPBW at this frequency is 60" for E Plane and 55 
O for H Plane. For the higher frequency at 3.43 GHz 
the cross-polar isolation for E Plane is 11 dB and H 
Plane is 18 dB. The HPBW at this frequency is 30° for 
E plane and 50" for H Plane. 
. . 
. .... .- .., 
4. CONCLUSION 
A bandwidth up to 51% is achieved by using nine 
element arrays. The cross-polar isolation of the log 
periodic antenna is in the range of IO to 30 dB. The 
cross-polar isolation is maximum at frequency 2.25 
GHz to 2.3 GHz, which is between 25 and 28 dB The 
typical half power beamwidth (HPBW) of the log 
periodic antenna is 400 for E plane and 60" for H 
plane. The gain of the antenna relative to  the dipole 
antennaranges from -3 dB to 5 dB 
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Figure 6 Radiation panem 
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